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COMPOUNDS OBTAINED FROM SALVIA 
SPECIES HAVING ANTIVIRAL ACTIVITY 

FTFI Ti OF THE INVENTION 

This invention is related to the use of active agents obtained from extracts 
5 of the plant genus Salvia. The active ingredients include conjugates of molecules 
having at least one moiety from P-(3,4-dihydroxyphenyl) lactic acid and/or 
caffeic acid. The active ingredients are preferably salvianolic acid, its dimers, 
trimers and tetramers. The active agents, either alone or more preferredly in 
combination, can be administered to a subject to treat a viral infection or virus 
10 mediated condition. 



BACKGROUND OF THE INVENTION 

Salvia miltiorrhiza. The plant, Salvia miltiorrhiza (SM), has long been 
used in traditional Chinese medicine for treatment of cardiovascular and hepatic 
diseases. Extracts from the plant confer potent hepatoprotective activity both in 

15 vitro and in vivo. Hase et al., Planta Med. 63: 22-6 (1997). Magnesium 

lithospermate B may be one of the main active components of SM that protects 
the liver (Liu et al, Chung Kuo Chung Hsi I Chih Ho Tsa Chih 13: 352-3, 326 
(1993)). SM also contains antioxidants that apparently aid membrane damage 
repair when treating viral myocarditis (Meng et al, Chung Kuo Chung Hsi I 

20 Chieh Ho Tsa Chih 12: 345-7, 324-5 (1992)). Patients suffering from chronic 
hepatitis B have responded to treatment with SM and/or Polyporus Umbellatus 
polysaccharide (PUP) (Xiong, Chung Kuo Chung Hsi I Chieh Ho Tsa Chih 13: 
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33-5, 516-7 (1993)). Herbal extracts from SM also have demonstrated anti-HIV 
activity (U.S. Patent No. 5,178,865) and anti-hepatitis activity (International PCT 
Application 98/24460; Chinese Patent Application Nos. 1,192,922 and 
1,192,918). Antiviral agents active against herpes, polio, measles, varicella 

5 zoster, cytomegalovirus, DNA viruses and RNA viruses have been described 

which contain at least one crude drug from the root of Salvia miltiorrhiza Bunge 
(European Patent No. 568,001). Salvia extracts have also been prepared as anti- 
herpes virus agents (U.S. Patent No. 5,41 1,733). 

The SM plant has several components which may be extracted. 

10 Components of the root have been extracted initially with ethanol, followed by 
extraction with cold water (SM(1)) or with hot water (SM(2)). Both fractions 
extracted in water have shown antiviral activity. 

Antiviral agents have been developed which target different points in a 
virus life cycle. For example, antiviral agents for treating retroviral infections 

15 have been developed which target retrovirus specific enzymes such as reverse 
transcriptase (RT) and integrase. Research continues to identify other antiviral 
agents to combat diseases such as herpes, hepatitis and influenza. 

Antiviral Agents Against Retroviruses. Antiviral agents targeting the 
integrase protein include peptide inhibitors (U.S. Patent No. 5,578,573), nucleic 

20 acid ligand inhibitors (U.S. Patent Nos. 5,756,287 and 5,587,468), as well as 
compounds such as Equisetin (U.S. Patent Nos. 5,759,842) and ermophilane 
sesquiterpenoids (U.S. Patent No. 5,858,738). To date, of the numerous 
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compounds that have already been identified and approved for marketing by the 
FDA for HIV, only RT and protease inhibitors have been approved. 

Caffeic Acid as an Antiviral Agent Caffeic acid can be isolated from the 
stems of Bougainvillea spectabillis Wild (Nyctaginaceae), which has been used 
as folk medicine against hepatitis (Chang et al, Anticancer Res. 14: 501-6 
(1994)). Caffeic acid has been reported to inhibit xanthine oxidase, which is 
associated with several diseases, e.g., gout, hepatitis and tumors (Chan et al., 
Anticancer Res. 15: 703-7 (1995); and Chang et al. (1994)). Caffeic acid 
oxidation product (KOP) inhibits herpes virus hominis type 1 and type 2 (Thiel et 
al.,Acta Virol. 27: 200-8 (1983)). A caffeic acid tetramer and dipotassium and 
potassium-sodium salts of a caffeic acid tetramer glucoside possess anti-HIV 
activity according to Kashiwada et al., J. Nat. Prod. 58: 392-400 (1995). 
Commercially produced caffeic acid also has antiviral activity, as demonstrated 
using a RT assay for HIV (Kreis et al., Antiviral Res. 14: 323-37 (1990)). 
Caffeic acid phenethyl esters (CAPE) exert inhibitory activity on the mtegrase 
protein of HIV-1 (Fesen et al, Proc. Natl Acad. Sci. USA 90: 2399-2403 (1993); 
Fesen et al, Biochem. Pharmacol. 48: 595-608 (1994); Burke et al, J. Med. 
Chem. 38: 4171-8 (1995); Mazumder et al, J. Med. Chem. 39: 2472-81 (1996)). 
However, the method used to prepare caffeic acid polymers influenced their HI V- 
1 and HIV-2 inhibitory activity (Nakashima et al, Chem. Pharm. Bull (Tokyo) 
40: 2102-5 (1992)). Caffeic acid, along with cinnamic acid and rosemarinic acid, 
have also been proposed for treating influenza virus because of then antioxidant 
activity (International PCT Application 98/30228). 
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Rosemarinic and Lithospermic Acids as Antiviral Agents. Rosemarinic 
acid is a dimer of caffeic acid. A dimer of rosemarinic acid is lithospermate B. 
Both rosemarinic acid and lithospermic acid have been identified in extracts of 
SM root (Kohda et al, Chem. Pharm. Bull. (Tokyo) 37: 1287-90 (1989)). 
Rosemarinic acid possesses anti-HIV activity (Arda et al, J. Nat. Prod. 60: 1 170- 
3 (1997)) and is potentially a Herpes simplex type 1 (HSV-1) inhibitor 
(Dimitrova et al, Acta Microbiol. Bulg. 29: 65-72 (1993)). Rosemarimc acid 
also has been proposed to treat inflammatory diseases and disorders (U.S. Patent 
No. 4,329,361). 

Cinnamic Acid as an Antiviral Agent. Substituted cinnamic acid esters 
inhibit the infectious activity of influenza virus A/Hong Kong (H3N2) 
(Serkedjieva et al, J. Nat. Prod. 55: 294-302 (1992)); steryl esters of cinnamic 
acid derivatives have demonstrated antiviral activity in vitro against viruses 
belonging to Picornaviridae, Orthomyxoviridae, Paramyxoviridae and 
Herpesviridae {"Antiviral activity of cholesteryl esters of cinnamic acid 
derivatives," Z. Naturforsch 53: 883-7 (1998); and Conti et al, Antivir. Chem. 
Chemother 9:511-5 (1998)). Dehydrogenation polymers of substituted 
cinnamic acids have also been described as a HIV-1 therapeutic (U.S. Patent Nos. 

5,346,695 and 5,632,980). 

Salvianolic Acid. Salvianolic acid has not been described in the literature 
as having antiviral properties. Several forms of salvianolic acid (e.g., salvianolic 
acid A acetylsalvianolic acid ) have been described as having antioxidant 
properties (Line/ al, J. Biochem. Pharmacol. 51: 1237-1241 (1996). Salvianolic 
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acid has also been indicated for preventing liver injury and fibrosis, associated 
with its anti-lipid peroxidation actions (Hu et ah, Acta Pharmacol Sin. 18: 478- 
480 (1997)) and for use in treating coronary diseases (Japanese Patent 
2,131,423). Additional forms of salvianolic acid described in the literature 
include those isolated from aqueous extracts of Salvia cavaleriei {e.g., salvianolic 
acids A, B, C H and I) (Zhang et al, Planta Med. 60: 70-72 (1994)) or from S. 
miltiorrhiza (e.g., salvianolic acid K, a caffeic acid trimer) (Kasimu et al., Chem. 
Pharm. Bull. 46: 500-504 (1998); and Tezuka et al, Chem Pharm. Bull. 46: 107- 
1 12 (1998)). Salvianolic acids F 2 and F 3 can be prepared synthetically as 
described by Dalla et al, Tetrahedron 55: 6923-6930 (1999); and Dalla et al, 
Tetrahedron Lett. 39: 8285-8286 (1998). Additional members of the 
Salvia family may be used as sources for obtaining Danshen, including: S. 
bowleyana, S. deserta, S. miltiorhiza var. miltiorhiza f. alba, S. paramiltiorhiza, 
S. paramiltiorhiza f. purpureo-rubra, S. przewalskii, S. prsewalskii var. 
mandarinorum, S. sinicaf. purpurea, and S. trijuga) (Kasiumu et al, 1998). 
Methods of producing plants with elevated secondary metabolite levels of 
compounds such as salvianolic acid have also been described. See U.S. Patent 

No. 5,869,340 (1999). 

(3,4-dihydroxyphenyl) lactic acid. A principle component of SM is 
••Danshensu," chemically known as sodium p-3,4-dihydroxyphenyl lactate (Fen 
et al, Acta Acad. Med. Primae Shanghai 10: 133-6 (1983); Zhao et al, Chin. 
Pharm. J. 29: 291-93 (1994)). It is an intermediate compound used in preparing 
rosemarinic acid in cell culture (Al-Sereiti et al, Indian J. Exp. Biol 37: 124-130 
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(1999); Bogucki et al, Can. J. Chem. 75: 1783-94 (1997); and U.S. Patent No. 
5,011,775). 

Treating virus-mediated diseases with antiviral agents can be quite 
expensive. For example, HIV-1 treatment using reverse transcriptase and 

5 protease inhibitors costs approximately $12,000-20,000 per patient per year. 
Given that the majority of HIV infected patients reside in developing nations, 
additional medications which are more economically attractive must be identified 
for the treatment of HIV and other viral diseases. The instant invention provides 
a new method of identifying, making and using novel compounds and 

10 compositions thereof for use as antiviral therapeutics. 

saTMMAKY OF TH F INVENTION 

One aspect of the invention describes compositions containing molecules 
having at least one moiety from p-(3,4-dihydroxyphenyl) lactic acid and/or 
15 caffeic acid, which are found in extracts from genus Salvia, said moieties being 
of the formula: 



°W /OH 
C 



H — C — R 




OH 
OH 
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molecular weight of at least 190 daltons. R 1 of the p- 




(3 4-dmydroxyphenyl) lactic acid xnoiety can be either -OH, -O- or a bond, and 
R> can be either -H or a bond. R 3 of the caffeic add moiety can be either -OH or 
-O-; R 4 can be either a bond or 



O 



5 wherein R> is -OH or a bond; R' ean be etther -H or a bond; and R' can be either - 
H or a bond. 

In another embodiment, a eonjngation prodnet is eontemplated, whtch >s a 
homo P o ly mer or he.eropo.ymer of monomerie nnits of sa.vianolie aeid and/or 
dehydrogenated forms of saWianolic aeid, said eonjngation prodnet havtng a 
10 moleenlar weigh, of abon. 492 or greater, or acety., ester, or anhydnde 
derivatives thereof, or pharmaeeutieally aeeeptable salts thereof. 



PCT/US00/17394 

WO 01/00199 



I„ a preferred embodiment, the conjugation product is a homopolymer or 
heteropolymer of monomeric unite of salvianohc acid (I) and/or dehydrogenated 
forms (II) or (III) of salvianol.c acid, said salvianol.c acid having the structure: 
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(III) 




OH 



OH 



wherein R\ R 2 , R 3 , R 4 , R 5 , and R 6 are hydrogen or a bond, and the monomeric 
units of said homopolymers or heteropolymers are bonded to eaeh other by R\ 

R 2 ,R 3 ,R 4 ,R 5 ,andR 6 . 

A particularly preferred compound is the dimer of salvianolic acid having 

the following structures: 
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Dimeric Structure of Salvianolic Acid 
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Dimeric Form 



The present invention a.so relates to a method of making an antiviral agent 
compnsmg ineubating sa.v.ano.ie add a, an alkaline pH sueh .ha, homopoiymers 
or heteropolymers are formed which possess greater antiviral acttvtty than 
salvianolic acid. 
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The agents of the invention possess antiviral activity and may be 
administered in pharmaeentica.ly aeceptabie earners systemieal.y or loeally. 

jHUBXIHSCRI^^ 

Fig . 1 Three-dimensional representation of Compound 5 of Example 4. 
Fig 2 Three-dimens.ona. representation ofComponnd 6 of Example 4. 
Fi- 3 Three-dim=nsiona.re P resen<ationofComponnd7ofExample4. 
Fi„ 4 Three-dimensional representation ofComponnd 8 of Example 4. 
F l 5 Three-dimensional representation OfComponnd 9 of Example 4. 

F l 6 Three-dimensional representation ofComponnd ,0 of Example 4. 
1 7 Three-d 1 mensionalrepresenta,ionofComponndllofExample4. 

F I S Three-dimensional representation ofComponnd 12 of Example 4. 
Fie 9 Three-dimensional representation ofComponnd 13 of Example 4. 
Fig U Three-dimensional representation ofComponnd 2 of Example 4 formed 
Jdehydrogenationofearbons24and38ofsalviano 1 ieae 1 d. 

Fig „ Three-dimensional representation ofComponnd 3 of Example 4 formed 

bydehydrogenationofearbons24and35ofsa.viano ll eae,d. 

Fl , iZ Three-dimensional representation ofComponnd 4 of Example 4 formed 

by dehydrogenation of earbons 27 and 38 of salvianolie aeid. 

Fig. 13. Three-dimensional representation ofComponnd 24 of Example 4. 

Ffe. J* NMR and stmetnre for dimer of salvianolie aeid. 
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This invention uses an ahemarive approaeh to deve.op drugs denved from 
pl an t e Xtt ac t s,s P ec,f,eaU yth eexnae,s ft o m *ep 1 an, g en U sS^. These acnve 

ag en,s inhibit vira, inregrarion in a variety of different viruses, .ncludmg 

integralion of a,, or a portion of a vira. genome into the genome of me host ce... 
Taeuve agents a,so ma y inhtbi, v.rus infection, vtrus progresston andlor vtrus 
prohferarion by interfering at other points in a virus hfeeyde. . 

The SoMa genus (fami.y Lamiaceae) contains about 700 members that 

speces in Asia, Europe and Africa and 400 spaces in Amerrca (,.C WUta, 
DICTIONARY OF FLOWERING PLANTS AND FERNS (7,h edition, Cambndge, 
Universny Press, 1966); J- Briquet, Labiatae, In DIE NATURL1CHEN 
PFLANZENFAMILIEN VoL IV. 3a, .83-375 (Eng,er and Prant, eds., Englemann, 
L eUg .«">• Theanuvtraicompoundsandcompositionsofthtsmventtonmay 



SY. 



a DEFINITIONS 

' B y the terms-vira.-inhtbiring effective amount," "therapeutic* effecttve 
antotmf or "therapeuricany effecttve dose" is mean, that amount of an acUve 
20 agent or active agents tha, when administered to a subject wtlh a vtra mfectton 
Is medtated dtsease, satd infection or dtsease is ame.tora.ed, or tnfechon 
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inhibit ed to an extent tha, outweighs an, negative side effects caused by .he 
ag e„. or agents. Such agents would be considered "annvira, agent. 

By "viral mediated condition" or "virus mediated condmon ,s mean, a 
d,sease phenorype associated with a vira, infection. For examp.e, A.DS-re.a.ed 
complex (ARC) is a condition associated with an fflV-1 infeOon 

By "antiviral activity" is meant an abiUty to inhibit or amehorate a vtral 
action or a condmon associated w,.h a vira! infection. Compounds having 
antlv ,ra, activity according to .he tnvenhon wD. preferabiy inh« in ecbon ■„ 
vit ro a, a dosage of <_ . pM, or ,ess preferab.y ,ess than or et.ua, to about 10 mM 

in vitro, u - * 

By ...ntegrase activtry" is mean, an integrase protein or a pro.etn whtch 

can integrate a vita, genome or segment of a vira, genome into me genome of a 
host ceH. The majority of incase proteins are associated w.«h members of the 
Retroviridae family of viruses. „ . . A f , m ;iv 

„e. Preferred SaMa p.ams for tsolahon of compounds according : to ■ 

in ven.,on are - " SM " ™ d 5—5 " , 

By "conjugated denvattves" or "larger po.ymers" is meant an acfve agent 

totr , fflf , r ptc wherein the monomenc unit is 
which comprises a dimer, tnmer, tetramer, etc. wnere 

one of the following moieties: 
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R 4 




if 


^R 3 


OH 





i . ™1vmers may be homodimers, homotrimers, 
homotetrameis, etc., ^ conjugate derivative is Hthospermate B 
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r VIRUSES . . 

' Treatment or inhibition of any vira, infection responsive to the annvrra, 
compounds and eompositions described herein is within the scope of the presen 
Zno, PreferreaarevrusesofthefoUowin^rmsfamihes: hepatitis vrruses, 

^mvxoviruses papillomaviruses, paramyxoviruses, 
herpes viruses, orthomyxoviruses f p 

picomavimses, polyomavrruses and retroviruses. 

Viruses. The compounds and compositions descnbed herem 
pref erred, y win be used to .eat retiovrra, infection, Although re^oviruses 

b een hrstoncally subd,vided into three —re groupings, pnmartiy on tire 
basi s of the pathologrc consequences of infection. The oncovirus subgr^p 
inc ,udes retroviruses that have the abiliry ,0 cause neopiastic drsease ,n 
infc c,ed host, as wel. as severa. related, yet apparentiy benign vrruse, 
Lntiviruses cause slow, chronic diseases that generally, aUhough no, arways 
tlaneopiasticconrponenfLentiviruseshaveyettobecieariyassocratedw* 

anv human or animal disease. 

vW oncore,aprocessmed,ated by the specific interaction of , he v.ra, envelope 
gly copro,ein w„h a specific cel. surface receptor. Subsequent*, . ™oo- 

KKA genome into a doubie-stranded linear D NA provira. mtermedrate (r erse 
option). An integration protein (integrase) specific^ recogn.es b ,h 
ends of.be viral DNA and removes two nucleotides from the 3 -ends (3 -douor 
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processing). The processed vira, DNA and integrase then migrate .0 the nucleus, 
where a viral integrase covalently links the retroviral genome to host 
ohromosoma, DNA (strand transfer), thereby forming .he retrovira, provnus. 

The emergence of human tamunodeficiency v,rus type 1 (HIV-1) as an 
hnponan, human pathogen increased scientific .uteres, in retroviruses. In 
parficular, evidence indicates «ha. the staple fife cyc.e defineated ahove ,s no. 
com P .e,e,y descnp.ive of me repfieafion cycle of a., the retroviruses. For 
example, HIV-1 encodes no fewer man six gene products in addition .0 the 
characteristic retroviral Gag, Pol, and Env; these are translated from a novel set 
of singly spaced and multiply sphced vira, mRN A specie, At leas, two o fitese 

gene expression. Therefore, the steps between penetration and provnal 
integration appeared quite similar for both MLV (murine leukemia virus) and 
HIV-, although posnmegrauon events were found to be significantly more 
eo.p.ex in the lane, More recently, it has become evident that HIV-1 is merely 
one of a whole Cass of animal retrovruses, that are now referred to as complex 
retroviruses. Retrovinrses belonging to this complex re.rovn.ses include al 

n T4TT V-1 and related viruses (Table 1). 
lentiviruses, spumaviruses, as well as HTLV 1 and 

TABLE 1: Major taxonomic divisions among retroviruses 



2 ^ ~ Prototype Other examples 

Category Subgroup 



Simple retroviruses 



a dqv ALV, ASV 

C-type retroviruses group A Kbv 
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MLV FcLV.MSV.SNV.REV.SSV 



C-type retroviruses group B 
B-type retroviruses MMTV 

MPMV SRV-1 
D-type retroviruses ivlrm 



H1V -1 HIV-2, SIV, visna virus, FIV, 

Complex retroviruses Lentivuuses stlv 

T-cell leukemia viruses Spuma- HTLV-1 blAV 

HSRV SFV, BFV 



25 



viruses 



— — ~~ " ~ ^n,c- at V avian leukemia virus; ASV, 

Abbreviations: RSV, Rous ~J^^ V , munne sarcoma virus; 
avian sarcoma virus; FeLV fehne teukemm ^ ^ 

SNV, spleen necrosis virus, REV, ret ' cu '°= MpMV MaS on-Pf.zer 

sarcoma virus; MMTV, mouse mammary ^tumor vnu* Mr , ^ 
monkey virus; SRV-1, simian retrovmis type 1, STLV, Sim 
virus; BFV, bovine foamy virus. 

The steps involved in provira. integration appear quite similar for both 
simpl e and complex retroviruses. Because of this commonahty of mechanism, an 
hrhibitor of retrovira, integrasc will inhibit a wide range of organisms such as 
human immunodeficiency virus (HIV), simian immunodeficiency virus (S.V), 
F ehne Immunodeftctency Virus (FIV), Feline Leukemia Virus (FeLV), Murine 
(eukemia virus (MuLV), Rous Sarcoma Virus (RSV), Bovine Immunodeficiency 
Vims (BIV), Human T-Cell Leukemia virus (HTLV). In addition 
retroviruses, the active agents of the invention may be used as inhibitors against 
mtegrase-Iike proteins to inhibit replication other viruses, such as the Hepatitis B 

virus (HBV). - 
0,„er Viruse, The active agents described herein are also contemplated 

for use in treating viral infections caused by, for examp.e, hepatitis viruses, 



WO 01/00199 



PCT/US00/17394 



-20- 



nerpes viruses, oncoviruses, papi.h— es, parang— 
irt— rt— s. Prefer v^sto^edw-ththe 
Lve agents described herein tnc.ude those Hsted in Ore tab.e betow: 



Virus Family 



Hepadnaviridae 



Herpesviridae 



Orthomyxovirinae 



TABLE 2 



Common Name 



Hepatitis B 

Woodchuck hepatitis virus 
Duck hepatitis B virus 



Herpes simplex virus 1 
Herpes simplex virus 2 
Varicella zoster virus 
Epstein Barr virus 
Cytomegalovirus 
Infectious bovine 
Rhinotracheitis virus 
Bovine mammillitis virus 
Equine abortion virus 
Pseudorabies virus 
Mareks disease 
Turkey herpesvirus 



Influenza Type A 
Influenza Type B 
Influenza Type C 



Host Animal 



Human 

Woodchuck 

Avian 



Human 
Human 
Human 
Human 
Human 
Mammal 

Mammal 
Mammal 
Mammal 
Avian 
Avian 

Many species 
Mainly Human 
Mainly Human 
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Virus Family 

Papillomavirinae 



Paramyxovirinae 



Bovine Papilloma Virus- 1 
(BPV-1) 

Bovine Papilloma Virus-2 
(BPV-2) 

Bovine Papilloma Virus-4 

(BPV-4) 

CRPV 

DPV 

Human Papilloma Virus- 1 
(HPV-1) 
HPV-5 
HPV-6 
HPV-8 
HPV-11 
HPV-16 
HPV-1 8 
HPV-31 

HPV-33 



Host Animal 



Human parainfluenza viruses 

types 1-4 

SV5 

Mumps Virus 
Newcastle disease virus 
Measles virus 
Canine distemper vims 
Rinderpest virus 
Respiratory syncytial 
virus (RSV) 

Bovine respiratory syncytial 
virus 



Cattle 

Cattle 

Cattle 

Rabbit 

Deer 

Human 

Human 
Human 
Human 
Human 
Human 
I Human 
Human 
Human 



Human 

Dog 

Human 

Chicken 

Human 

Dog 

Carte 

Human 

Cattle 
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Virus Family 

Picornavirinae 



Polyomavirinae 



Common Name 

Human polio virus 
Human coxsackievirus 
Human echovirus 
Human enterovirus 
Human hepatitis virus A 
Porcine enteroviruses 1-11 
Bovine Enteroviruses 1 and 2 
Human Rhinovirus 1-100 
Bovine rhinoviruses 1 and 2 
Foot-and-mouth disease 
viruses 1-7 

Encephalomyocarditis 
Equine rhinoviruses 1 and 2 



Host Animal 



Human 
Human 
Human 
Human 
Human 

Pig 
Cattle 
Human 
Cattle 

Cattle and Human 



See FUNDAMENTAL 



Polyomavirus 

Simian vacuolating virus 40 
(SV40) 

Lymphotropic papovavirus 
(LPV) 
BKV 
JCV 

Rabbit kidney vacuolating 

virus (RKV) 

VIROLOGY (Bernard N. Fields et al 9 eds., 1991). 



Horse 



Mouse 
Monkey 



Monkey 

Human 
Human 
Rabbit 
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C METHODS OF MAKING THE COMPOUNDS 

The general conditions for preparing the plant extracts from any 
Salvia species, and more preferred from SM and SY, which contain the actrve 
agents is as described in Example 1 below. The compounds can be prepared 
synthetically as follows. Various compounds containing the moiet.es P -(3, 4- 
dmydroxyphenyl) lacuc acid or salvianolic acid and/or caffeic acid were formed 
by incubation of the respective compounds at a concentration of 5 mg/ml m 0. /o 
NH 4 OH for up to 24 hrs. These include the dehydrogenated forms of salvianohc 
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acid, conjugated dimers and larger powers. The preferred period of rime is 3- 
24 nre . Incubation poods grea.er man 43 hrs. in 0,% NH 4 OH may restr , .n 
in activa„on of .he compound. The penod of activation also depends on .he 
stam „g concentration of .he compound. Higher concents of compound wrl. 
5 U.ongerperiodsof—onforac.ivahon. 

by adjusting .he pH of .he compounds in soluhon ,o greater .han pH- S by o 
Line reagen., The reaction is stopped h y me addition of an acd, such as , /„ 

Other factors .ha. can contnbu.e to the formation of new compounds are 
10 temperature and oxygenation. 

D . PHARMACEUTICAL COMPOSITIONS AND THEIR 

ADMINISTRATION 

For the treatmen. or mediation of vira. infections, a compound accord 

15 spray or rectally, in dosage unit formulations containing conventual non-to*,c 
pharmaceutical* acceptable carriers, adjuvants and vehicles. The term 
■•parenteral," as used herein, includes suhcutaneous injecrions, intmvenous, 
Lamuscular, httravascu.ar injection or tnfusion technics. ,n add.non to . 
meatmen, of warm-hlooded animals such as mice, rata, horses, can e, sheep, d^gs, 

20 ^etcthecompoundsandcompostnonsdescrthedhetemareeffecnvemme 

treatment of vims infections in human subjects. 
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For ***** .o *e centra, nervous system, colons .nay be 
, ,™nal fluid For intrathecal administration, 

-rr- — — — b 

lip „somes to enhanee transfer across membrane barriers. Comp 

d for transdermal administration via patches. Solvents used for 
prepared for transderm se _ 
administration of hydrophobic compounds may also 

or aqueous propylene glycoh Aqu ^ ^ ^ 

is o,„n,c. Such aqueous ^ „ eous 

injection purposes. The prepar , eutica) techniques well known to 

is readily accomplished by standard pharmacenncal techn 
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in a form suitable for oral use, pmnls{ons hard or soft 

• dkoersible powders or granules, emulsions, nara 
or o«y suspensions ^. ^ ntended for oral „e may be 

capsules, or synips or e„x,r, P^ 
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■ , „f sweetemng agents, flavoring agents, coloring agents 

manuf :::i: — , — - - 

compkx „ - - |ubncating agcnts such as tnagnes.um 

sucrose, gelatin and acacia. A 

ste arate, sodium laury, sulfate and talc are often very * ^ 

< Solid contpositions of a similar type may also be employ 
ptoses. So « te comec(ion mclu<Je , actose „ 

8e,a,,nCaP rShmoiecular weigh, polyethylene glycol, When 

milk sugar as well as gh ^ ^ ^ ac „ ve 

acueous suspenstons and/or hxt. ^ ^ 

cora pound or combtnat,on of compounds m y 

S wee,em»gorflavoringage»,s,co,onngma„e „ 

ft. acbve ingredten, . m.xed w, ^ fte 

carbonate, calcium phosphate or kaol.n, or as g 
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t i, mixed with water or an oil medium, for example peanut oil, 
active ingredient is mixed witn w<n 

™* t r», — — 

oa For example, a time delay material such as glyceryl 
bv the techniques described in U.S. Patent Nos. 4,256,108, 4,166, 

Lpteons suspends ntay contain the active tnatenals in adtntxture wtth 

Lde snspendtn, a g en,s, for examp.e, sodium 
m e*y.eeUulose, hydroxypropylrne,hy.cellu,ose, sodtutn algtnate, 

^ZTeana^ny— gphospha.de, for examin er 
ducts of an alkylene oxide with fifty aetds, for example, 

, u! for example heptadecaethyleneoxycetanol, or 
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^nsions^a.socon.a.noneo.n.o.ep^ves.fo.exa.p.e.e^, 

propyl ::a o :c:::o: m a y - by SUSPending - act . e .n rrr 

.ave^oie^^cn.oHveon.se^eono.co^o.,,. 
to a mineral oil, such as liquid paraffin. The oily suspensions may 

^positions may be preserver, hy me addition of an anhox.dant, 

ascorbic acid. preparation of an 

Di ^^Crrri: -IcomUsmay 

pr0VI de me achv »gr ^ „ wefflng 

suspend agent and one or mo P yme mioned above, 

agents and suspending agents are exemphfied by those y 

! t hese Smtable emuUifying agents may be naturaUy occumng gum, for 

' L acacia or gum tragacanth, naturally-occurring phosphat.des, for 
example, gum acaera org artia , ester derived from fatty acids 

example, soy bean, lecithin, and esters or parua. e .er * rf 
mi hexito, anhydndes (,g., sorbitan monooleate), and condensario 
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* sai d partra. esters with ethylene oxide P o,yox y eth y lene — 
^t—eon^^epHa— al compositions of me present 

iX.l-.e.hy.ea^anded.yn^e. SuitaoU g , y co,s memde 

I^PO^p— —-^77;:™ 
ceUulose, carhop ceUmose, h y droxypro Pyl cetiu.ose) ,s used as the 
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Th e compounds and compositions described herein ma y also be 
ad minis,ered in the fonn of supposes for recta, administration „ to drug. 

bating excipient, which is sohd a. ordinary temperatures sueh as room 
Zltoreleasemedms.Suehmatena.sarecoeoahutterandpo^ene 

^"Tne amount of an aetive compound or eomhinatron of compounds , ha, 
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• dient Daily dose of*, active ingredients win usuaHv range from ~ 
,„gred.ent. Darly ^ ^ from 

more aU qU0 .sa dm , nlS ,e rcddU nn gt hec 0 u re eo f a^ - in 

•hat the specific dose level for any parucular patient 
^■"1 ^offaetoss.nclnd^foeaet.v.tyortnespecfieeon.ponnd 

*;™11v acceptable earners or diluents oy any 
combination with pharmaceutical* accept ^ 

admi nis,ta,,on may be earned on, in s,n g .e or -P^ - 

n f th\* invention can be administerea 
me novel therapeuUc agents of this ,nv ^ ^ 

varie ,y of different dosage forms, ,.e., they may 

.0 iellies, ge,s, pastes, lot.ons, ointments, arsons suspends, 

a tV.P like as described above. 
"•rC "dedbelowservemerelytorllustrateeeriam 

The examples provm invention. 
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E^tanrplel 

Extraction of An nvirai 

t «f SM and SY were prepared as follows: 
Plant extractsofSM and * wate r (dH 2 0) (18-0 

Stepl: DriedSYwasboUedinMill^ ^ 

, he n diluted 1:5 w«hdH,p een. . , was save d. Toth,s 

G ,3r„,o, ^"^^J*.-**.*** 

concentration ofO.lNHCl. ^ ^ ^ ^ ffC , GS . 3 rotor , 

The solution was centnfuged a by fiUtanon 

became clear. The pellet w The powder was 

suspended ,n dH 2 0 a, a 1. ( > ^ ^ ^ ^ a Ti45 rotor. 

pto duet was then eentrtfi^ t ™»J 50% 
The supernatant was dtscarded, and the resu g P ^ 

Step 2: The .suspended solutton was filtered 
3 materials. „„ nn . at ed to one-fifth (1/5) of the 

original volume to form a prec,p.«te. The precp 
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distill edwa t e, THewashedpene.w^en^edove.nish.. The dried, 
Washed pellet was designated as Fraction 1. 

,H The -lution was centrifuged to remove any insomh.e matena.s. Th 
methanol. The solution ,„ M column equilibrated with 

sup cma,an, so.ution was app.ied to a Sephade* water and was 

. ♦ Th P column was washed extensively with distilled wax 
billed water. 15% methanol in water (v/v), 30% 

eluted with the following order of solutions. 

-^n water (v/v) 40% methanol in water (v/v), 50 /o 
i i % acetic acid in water \yi v, -rvr 
methanol with 1 /o acenc a methanol. The 

methanol water (v,v), 75% methanol in water ^ ^ ^ ' led with 

50 % methan o, in water was concentrated and applied to - HP re 

^ sup, Molecnlarmasso f each fr aet,one,u t ed fr o m meHP L Cre.rse 
col umnwLna ly zedhvmasss P ec t roscopicmethod,Themassspee.,den,i fi ed 

the following compounds: 



20 



MW 

1. 180 

2. 198 



rnm pounds 

Caffeic acid (#1) 

D -(3,4-dihydroxyphenyl) lactic acid (#2) 
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3. 
4. 

5. 494 

7. 

8. 739 

9. 853 
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359 Rosemarinic acid (#3) 

387 Salt forms of rosemarinic acid (Yunnaneic acid 

C and Yunnaneic acid D) 

2-(3,4-dihydroxyphenylethenyl) caffeic acid (#5) or 

salvianolic acid. 
7 1 7 Lithospermate B (#7) 

Magnesium lithospermate B (#8) 
Combination of rosemarinic acid and 2-(3,4- 
dihydroxyphenylethenyl) caffeic acid (#9) 

of #5 with a MW of 987 (#10), as discussed in 



10. 987 Dimers 

Example 4, below 

Compounds are of the formulae: 



CH=CHCOOH 
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Yunnaneic Acid C 
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Fx am ple 2 

y..;„; rl t«av: Efficac y of Viral fWN 
,„ w<re HtV-1 intense Assay: In assays to monitor the activity of 
H1 V-. intense have been deve,oped, as described below. These assays utthze 
purifi ed recotnbtnan, H1V-, tntegrase and ohgonucleot.de substrates whtch 
Resent the LTR ends of .he vtral DNA. The foncttona, significance 
obtained front the in v,™ assays relies on the assays reflecttng the acuta. 

Lttona, events whtch occur , vfvo. Both fluorontetrtc (L ee e, **** 
L,^2 27:2 95-30H.995))andrad i oac ti vea S sayshavebeendeve 1 oped 
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tVw nreviously published in vitro assay (Lee et al, 
which improve upon the previously P 10 215-10223 

»k 1(W ns 10214 (1995); Lee * a/., Biocfcemirfry 34. 1<M13 
»^ ^ 0205 - 102l4( dtheenzyme reparation, whichhas 
(1995) ). in addition, we have modified the enzym P P ^ 

«f th P HIV-1 integrase sample (Lee ana n<m, 
tepr oved,he q uahtyof.heH.V J ^ 

*« -*RV7 3844 (1996); Lee et al, Biochemistry 

NH OH (w/v) to make the final concentration 15 mg/ml. These samp 

« da, ,0 000rpmfor30min. If a pellet was formed, .hen the 
then centnfuged a, 10.M0 * ^ ^ ^ ^ 

supernatant was removed the p * ^ ^ 

0.1%NH.OH. The resulting solufon is the stoc 

, itw following dilutions were made, l.iu, i.j , 
ft ac,,o„s. F*-*--*^ .J , g00 , ,, 00 , 1:1 000, 1:2000, 1,000, 

1:4000, 1:5000, and 1:10,000. 1 y.\ 

r „ mature whtch corresponds ,o a final concentrat.on of 75, 15, 7.5, 
™ " 25 , 07 0 9375, 0.833, 0.75, 0.375, 0.25 0.1875, 0,5 and 
' 2 ' 5 ' 1 ' 8 ' ; v *Lm g wasthencarnedou,asprev,ous, y desenhed 
0.075 Mg/ml, respectively^ Testmg ^ 
(Lee « al., Biochemistry 34: 10205-10214 (1> 
10215-10223 (1995); Lee and Han (1996)). 
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to a 



Tod e t ^ t he 1 C J0 a„ d .C,„o f eac hfr ao ti o n , t he g e 1 wase XP oa 

PHOSPHOR1M ACER™ screen and .he percent deavage dcemuned by the 
PHOSPHORIM RTM . ^ percent inhibmon was 

Molecular Dynam.cs PHOSPHO ». the percent 

the positive C ^ B ^|^ 2^5-3 5 ^g/ml in the culture media. Accordingly, in the 



to 



lerated and beneficial. 



Example.! 

jestinj^lVLExt^ 

c ■ , v;™ (FIV) model is an accepted animal 
The Feline Immunodeficiency Varus <FH0 
, . for studying dr ugs for use against HIV infection. FIV xs a T eel 

FIV infected cats develop Feline ami 

• ^ ft.n blown AIDS in humans. 

nble to FIV infection and support, v,ral repl.cat.on. 
(CrFK) cell line ,s suscept-ble FIV ^ ^ 

20 CrFK cells are an efficient tneans for produces 
Wection. Although FIV is no. cytopatb.c for FIV 
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assays are available for screening for FIV infection in tissue culture. Stud.es 

have demonstrated the efficacy of SY. 

, fl , n . Fraction 1 was tested for protection of CrFK 
Determination of ED 50 . traction 

cdls from FIV infect. >n triplicate, CrFK ce„s were plated a, a densrty of 
"I sevens of compounds we, applied ,o the ee,» cu.tures for 24 hr. Th 

buffer, p : naTi4 5 rotor. The supernatant solutton was 

25 ' ooo i::;:;;^ 

— * — ""Tr 1 

fite r, and the concentration de,erm,ned by determining the mass of the 
solute compared to the tared control. 

■nJL*. demonstrated that Fraction . had an ED M range between CU 
and , 0 ,g/m, and an ED TO range between 0.2 and 2, «M in P— g FW 

r ■ fCrFKceUs Given these results, composittons of the tnventton may 
infection of Crr K. cells. v_nv 

be administered in pharmaceutic^ acceptab.e carriers and should be 
administered in snfftc.enr dosage to obtatn a Hood concentratton of 0 
000 nM. However, in some utstances i, is necessary to admtmster doses ,0 
Zn c—o» ofup.o.O.OOOnMtnthebiood.Themorcacttveagents 

may be effective a. blood concentration of as low 1 nM. 



10 



15 



20 
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Examp!e_4 
Conjugation^ 

OH 





ft® H 
OH H^ 
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A B C and D represent hydrogens a. carbons 24, 27, 35, and 38, 

respectively, of Compound 1 . These hydrogens are the potential s.res of 

•heeoniuganonofsa.vianoHeaeidloirae.fCConrponnd 

0 a homod.mer, win resuh in ,he formation of the fonowing combmabons 
(Compounds 5-13): Compound 5 is A conjugated to A (Fig. 1); Compound 6 
ungated ,0 B (Pig. 2); Compound 7 , A conjugated to C (Fig 3); Compound 
„ A eonjugated to D (Fig. 4); Compound 9 is B conjugated ,0 B (F,g. 5); 
Compound 10 is B conjugated to C (Fig. 6); Compound 1 1 is C conjugated to 
(F , g 7);Compound,2,sCeonjuga.edtoD(F i g.8);Compound.3,sD 

onjngatcd to D (Fig. 9); Compound 24 is B of Compound 1 conjugated to D of 
Compound! (Fig. 13). Figure ,4 contains the stmchare andKMR spectiaof a 
preferred sa.vianolic acid dimer according ,0 the invent™ 

The three dehydrogenated forms of salvianolic acid (Compounds 2-4) that 

can be formed by dehydrogenation a, carbons 24 and 38, carbons 24 and 35, and 

carbons 27 and 38. These forms have the following base structures: 

Compound 2, 24-38 (Fig. 10): 




E represents the site of conjugation. 
Compound 4, 27-38 (Fig- 12): 
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15 



F .presents the s«e of ds M) ^ form 

The dehydrogenated forms of sa ^ ^ g ^ 

Compound 15. hetero dimers with salvianohe 

These dehydrogenated forms i 

-^"-^.BofComponnd; 
conjugated with E of Co P 3 to form Compound 17; C of Compound 
conjugated wrd f Comp ^ q rf , 

— Cd E E ° o C c Z un d , to form Compound ,,, P of Compound* 
conjugated wth E of Compou ? rfOW - 4 

conjugated W ,m A ofComponn ^ fCompouiid4 

conjugated with B of Compound 1 to form C P 4 

conjugated with C of Compound 1 to form Compound 22 

.onUedwUhDofComponndtto form Compound 23. 
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acetylgr o U ps,es t e r s,a nhy an d eso I phan»aceu tally accept sa.ts of 
compound. 

Fvam ple 5 

^^^^ 

for various rime periods (5 30 mm., 1 hr„ 2 hr,, 3 hrs„ 4 

„ mtta l The reaetions were stopped by the addition 
hrs.) at a concentration of 5 mg/ml. in 

of 1% aoerie acid and assayed for anti-HlV-l integrase aerivrty. The results 

con.ngat.ons of Compound 1. The results are displayed m Tah.e 3. 

TABLE 3 



20 
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15 



Punfed compounds hav.ng a MW of 492 (,g., compounds 2-4, as 
d escn b ed above) were incubated with 0,% KH.OH for vanous time penods (5 
mi „., 30 mm., 1 hr, . .5 nr., 2.0 hr,, and 3.0 hrs.) a, a concentrate of 5.0 
mg/m . The reaction, were stopped by the addition of 1% acetic ac, an 
iCdforant.-HW-nnte.raseac^. TheresuUs demonstrate thatthe^a 
^-dependent — of Compounds 2-4 as a resnh of incubation m 0, /o 

i^wever is not as great as conjugations with 
NH 4 OH. This activation, however, is noi a g 

Compound 1. The results are shown in Table 4: 
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A ,nti HIYJ Integmsg 



F x am ple 6 

Activit y gf_Actj vatgd, rnmpound 1. 

incubated in 80 ml of 0.1% 



0 8 g of Compound 1 of Example 4 was 
NH4OH to a fina, concentration of .0 mg /nu for S hrs. This activated fracnon 

con centra,ions of n,=tnano, in wate, The eioted fractions were ^ and 
1V ed for an.i-H.V-, intense activity. The resuhs are shown ,„ Tab.e 5. 



assa> 



TABLE 5 
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50% Methanol 



60% Methanol 



lCsoQigfafl) 
0.4 




70% Methanol 



80% Methanol 



u- uu A^ohest activity, was then analyzed by mass 

■ r - „„rase is either salvianolic acid and/or rtsdrmenc form, 
inhibition of tntegrase ts etther 

The efficacy of these fractions agamst HW-1 mfectron 
usi n 8 CEM-cens. These cefis are engineered from CEM as descnbedtn 
IntpieS. The „,V p 2 4 antrgen caphtre assay .as used as descnbedur 
Example 8. The results are discussed rn Table 6 be.ow: 

TABLE 6 



20 



Sample 

10% 
20% 
30% 



40% 



IC 50 (*ig/ml) 



41 



22 



12 



3.8 
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Fvam ple 7 
wi-HlV-1 jntsgmse activity. 
Fraction . of Example 1 was dissolved in 40% of methanol (in water) and 
centnfoged for 30 min. a, 8,000 rpm in a GSA roror. The supernatant fracnon 
was loaded on.o a SEPHADEX® LH20 column e q ui,ibra,ed in 40% methano, (m 
water) The co.nmn was washed with 40% methano. solution (in warer) and 
e.uted with 50, 60, 70, 80 and 90% of methano, sohmon (in water). The samples 
were then .yophi.ized and drsso.ved in the appropriate votirme of methano, to 
mak e me fma, stock concentrate 5 m g /mf These fractions were then assayed 
for an.i-HiV-1 mtegrase activity. The concentrations assayed were 5, 2.5, 2, 1. 
, 2S , 0 8 0 6,0.4,and0.2pg/ml. The percent of inhib.tion was determtned by 
subtracting me percent of e.eavage of each fraction from the percent of eieavage 
of me posttive contro. and dividing this va.ue by the percent of cleavage of the 
positive control. 
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TABLE 7 

Results of In vitro HIV-1 Integrase Activity Ass ay 

ICjoOigtal) 




SEPHADEX® LH20 column fractions of 60-80% were combined and 
^solved in 40o/o of methanol in water. The .suspended sample was centnfuged 
for 30 min at 8,000 rpm in a GSA rotor. The supernatant solution was apphed to 
MCI GEL CHP20P (75-150,) column equilibrated with 40% methanol in water. 
The column was washed with 40% methanol in water and eluted with 50, 60, and 
70 o/„ of methanol in water. The sample was then lyophilized and assayed as 
previously described under various conditions. 
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TABLE 8 

Results of In vitro HIV-1 Integrase Activity Assay 




The MCI GEL CHP20P (75-150,) samples were then analyzed by Mass 
Spectrometry Analyses (negative mode). The results show that MCI 40 has a 
rnaj or P ea k of986 with a minor peak of 494. The MCI 50 has major peaks of 
492and9S6. MCI 60 has major peaks of 984 and 986. It was determmed that 
the 494 peak represents salvianolic acid as determmed by Mass Spectrometry and 
NM R The 492 peak represents the dehydrogenated form of salvianolic add. 
The986peakrepresentsadimericformofsalv 1 anol 1 cacid. The984peak 

pLples of Fraction 1 are a Compound having a molecular weight of 984 and/or 
986. These experimental data suggest that the dimeric compounds of molecular 
weight 984 and 986 are generated from Compound 1. 

Fx am ple 8 

ass^inajhs ^.uhiv-i Activity*™ Asfe^sa a 

The efficacy of the MCI GEL CHP20P (IMW fractions agatns, HIV-1 
infection was evahtated wtth CEM™ cefis. These ce.ls are engineered front 
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CEM ceUs and oo„si«u.ive,y ^ress HIV-1 m and re, genes. CEM TART cells 

<• ctpm for assessing HIV infection as they have been engineered 
provtde a safe system for assesstng 

t0 be productive for a replication incompetent form of the HIV-1, HIV 
efficacy of.be compounds to inhibit HIV-, infection was evaluated usmg the 

antibody coated 96 we., plates in which ce.. culture media or serum was 
.acubatLfor^hrs.Thesupematantswerercmovedfromcellsat.east.wee, 

lowing infection with HIV—. The we.ls were washed poor to the addttion 
ofabiotiny.a.edpo.yc.ona.antihodytoH.V-, P 24. Following addition of 
substI atefo r signa.am P «f,catio„,p 2 4e X pre S s 1 on,sd i rec„y q uantif.edre,ativeto 



20 



the known standard. 

MCI 40, 50 and 60 were dissolved in methanol, and the abthty of these 

compounds to inhibit HTV-1 infection was assessed at the following 
concentrations: ,00, 20, .0, 5, and 1 ug/ml. To 24 we., tissue culture dishes, 
m , of 3,3 x CEM- cells were added together with the test concenba ton . 
of compound. To this 5000 TCIDst/lO 6 cells of HTV-1 inoculum was added. 

W as resuspended in 2 ml of replacement medium. Ce„-ftee supentatants were 

comparing HIV-1 P 24 antigen production in the presence and absence of added 
drug after 7 and 10 days. The results are shown in Tables 9 and 10: 
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TABLE 9: Day 7 



5 




TABLE 10: Day 10 
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WH AT WE CI AIM IS : 

1. A method of treating or preventing a viral infection by 
administering a composition containing a viral-inhibiting effective amount of at 
least one active agent having at least one moiety of the formulae: 



O 



* /OH 
C 



H-C— R 




OH 



OH 




wherein 



R' is -OH, -O- or a bond; R 2 is -H or a bond; R 3 is -OH or -O-; R 4 is a 



bond or 



-C — R~ 



wherein R 5 is -OH or a bond; R 6 is -H or a bond; and R 7 is -H or a bond, said 
active agent having a molecular weight of more than 190 daltons. 
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, . A; n „ tn Haim 1 wherein said active agent has at 
2. The method according to claim i , wuo lt . 

least one moiety of the formula: 



°W /OH 
C 

H-C-R 1 



n 



'OH 
OH 

and at least one moiety of the formula: 




The 



me thod according to claim 1 , wherein the active agent is a 



5 dimer, trimer, tetramer or larger polymer of sa,d moieties. 
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4. The method according to claim 1, wherein the active agents are 
chosen from among D-(2,3-dihydroxyphenyl) lactic acid, rosemarimc add, 2- 
(3,4-d.hydroxyphenylethenyl) caffeic acid, hthospermate B, magnesium 
Hthospermate B, dimers of 2-(3,4-dihydroxyphenylethen y l) caffeic add, or 

OH 

-OH 




HOy/* 1 >-h 

o- x c=o 

H-C-C^O »_ H 




OH O x H 

HO Vi H ^ / C= V C ~S 

kA^/ C -^< N H OH 



-OH 



H ' 

OH 



5 5. The 

salvianolic acid. 



method of claim 1 , wherem said compound is a dimer of 
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6 . The method of claim 5, wherein said compound has the structure 
depicted in Figure 14. 

7. The method according to claim 1 , wherein the viral infection is 
caused by a hepatitis virus, orthomyxovirus, papillomavirus, paramyxovirus, 

5 picomavirus, polyomavirus or retrovirus. 



8. The 

F1V. 



method according to claim 7, wherein the retrovirus is HIV or 



9. The method according to claim 7, wherein the viral infection is 
caused by a virus that produces mtegrase or a protein which has integrase 



10 activity. 



,0. The method according to claim 1, wherein the composmon ts 
administered intranasal*, orally, transdermal*, parenteral*, intrathecal* or 
intravenously. 
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11. A method of treating a subject or preventing a viral infection by 
administering to a subject in need thereof a composition comprising a viral- 



inhibiting effective amount of two or more active ag 



ents and at least two of said 




OH 



active agents compnse 



at least one of the following formulae: 



O 



* /OH 
C 

I , 
H— C — R 



H — C R 




OH 



OH 
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wherein R l is -OH, 
bond or 
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.0- or a bond; R 2 is -H or a bond; R 3 is -OH or -O-; R 4 is a 



O 



active agents having a molecular weigh, of more than .90 daHons. 

12 . The method according to e.aim 11. where.n the aetive agent is a 
dimer, .rimer, .Cramer or larger polymer of said moieties. 

13 . The method aceording to claim 1 1 , wheretn the active agents are 
chosen from among D -(2,3-dihydroxyphenyl) lactic acid, rosemarrmc acid, 2- 
(3 4-dthydroxypheny.ethenyl) caffcic acid, li.hospermate B, magnesium 
10 tithospermare B, dimers of 2-(3,4-dihydroxypheny,e,heny.) caffeic acid, or 
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14 . The method according to claim 1 1 , wherein the viral infection ts 
caused by a hepatitis vims, ormomyxovrrus, papillomavirus, paramyxovims, 
picomavirus, polyomavirus or retrovirus. 



15 . The method according to claim 14, wherein the retrovirus is HIV 



5 FIV. 
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16 . The method aeeording .o c.aim 14, wherein the vita! infection is 
activity. 

17 . The method aeeording toclaimU, wherein the composition is 
5 admintstercd intranasal*, orally, transdermal*, paren.era.iy, intrathecaiiy or 
intravenously. 

18 . An anti-vira. composition compristng two or more active agents, 
wherein the active agents contain a. leas, one of the foilowing moieties: 




o 



OH 

OH 





R 4 


H r < 






"H 










Y 




OH 





_ ^nH-R 2 is-Horabond;R 3 is-OHor-0-;R 4 isa 
wherein R 1 is -OH, -O- or a bond, R is n or a 

10 bond or 
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wherein R 5 is -OH or a bond; R 6 is -H or a bond; and R 7 is -H or a bond, said 
active agents havrng a tno.ecu.ar weight of more than .90 dahons; wheretn said 
cotnpos.tion is capab.e of inhibtting a viral infection when adntintstered to a 
subject in need thereof. 



,mpound having the structure depicted in Figure 14. 



19. A co 



20. A method of identifying antiviral agents from the plant genus 

Salvia comprising the steps of: 

(a) extracting an active agent from the plant comprising one of 

either of the following moieties or a conjugate of said moiety 
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°W /OH 
C 



H-C-R 1 




OH 
OH 





R 4 


H r ' 






"H 










¥ 




OH 





wherein 
bond or 



R. is -OH, -O- or a bond; R 2 is -H or a bond; R' is -OH or -O-; R . a 



O 



wh ere,n R> is -OH or a bond; * is -H or a bond; and R 7 is -H or a bond; and 
(b) contbtning said firs, active agent with a seeond active agent 
eotnpnstng a tnoiety or conjugate tbereof no, represented bv firs, said active 
agent; and 

(e) assaytng the combination of said firs, active agen, and said 
second active agen, for antiviral activity. 
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2 J . A conjugation product which is a homopolymer or heteropo.ymer 
of monomeric units of salvianolic add and/or dehydrogena.ed forms of 
sa , vian ohc acid, said conjugatron product having a mo^ar weight of ahou. 
492 or greater, or acetyl, ester, or anhydnde derivatives thereof, or 
pharmaceutical acceptable salts thereof. 

22. The conjugation product according to claim H. which has a 
m olecular we,ght ranging from about 492 to about 986. 

23. The conjugation product according to claim 22, which has a 
molecular weight of about 492. 

24. The conjugation product according to claim 22, which has a 
molecular weight of about 984. 

25. The conjugation product according to claim 22, which has a 
molecular weight of about 986. 
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26 The conjugation product according to claim 22, which is a 
Ho^mcrorheteropoiynrerofruonomencun.tsofsa.v.anohcacdand.or 

de h y drogenated forms I, or m of sa.vianohc acid, said saivranohc acid havng 



the structure: 



(I) 




and said dehydrog 



ogenated forms of salvianolic acid having the structures: 
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OH 



HO v__/ OH 



,rV H 

K- \ H 

c' ^o-c-c 
° \>H & R 6 




OH 



wherein R', R'. R\ R 4 ' R s . "* *° ™ OT 3 ^ ^ ** 

units of said homopoiytners or heteropolyners are bonded ,o eaeh other by R-. 



R\R J ,R 4 ,R 5 ,andR 6 . 
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product of claim 26 which is a homodimer. 



are 
R 6 . 



28. The conjugation product of claim 27, wherein the monomenc umts 
bonded together by a bond which is R -R , R R > K 



5 

are 
R 4 . 



a ^fnkim 27 wherein the monomeric units 
29. The conjugation product of claim Z /, wnere 

. w u o p ' r 2 R'-R 3 R'-R 4 , R 2 -R 3 ^ r2 ' r4 ' or R3 " 
bonded together by a bond which is R -R , R R > K . 



10 are 



are 



30. The conjugation product of claim 26 wh,ch is a heterodimer. 

31. The conjugation product of claim 30, wherein the monomeric units 
honded together hy a bond wh,ch is R'-R s , . « 

32. The conjugarion prodnet of claim 30, wherein the monomeric umrs 

, • , • d id6 P 2 p6 PAR 6 R 4 -R 6 , or R 5 -R 6 - 
bonded together by a bond which is R'-R , R -R , R R > * 
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. The conjugation product of claim 20 which >s a homotrimer. 



34. The conjugation product of claim 20 which is a heterotrimer. 



35. The conjugation 
more monomeric units. 

5 36. The conjugation 

more monomeric units. 



product of claim 20 which is a homopolymer of 4 or 



product of claim 20 which is a heteropolymer of 4 or 



37. A method of treating or preventing a viral infection by administering a 
composition containing a viral-inhibiting effective amount of a conjugation 
product according to claim 20. 

10 38. The method according to claim 37, whereinthe conjugation product 

is a homodimcr, hetcrodimcr, homotrimer or heterotrimer. 
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39 . The method according ,o claim 37, wherein the vira. infection is 
caused hy a hepatitis virus, orthomyxovirus, papi.lomav.rus, paramyxovirus, 
picotnavirus, polyomavirus or retrovirus. 

40. The method aeeording to elaim 39, wherein the retrovirus is HIV or 

5 FIV. 

41 . The method aeeording to e.aim 39, wherein the vira. infection is 
activity. 

«. The method aeeording to e.aim 37, wherein the conjugation product 
10 , s administered — a,.y, oratiy, transdermal paren.era.ly, tntrathecaHy or 
intravenously. 

43. A method of making an antiviral agent comprising incubating 
salv ,anohc aetd a, an **. pH such tha, homopo.ymers or heteropo.ymers are 
formed which possess greater antivtia. activity than sa.viano.ic acid. 
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v ♦„ Maim 43 wherein the homopolymers or 
44. The method according to claim 43, wn 

molecular weight of about 492 or greater. 



heteropolymers have a 



v ♦„ rlaim 43 wherein the homopolymers or 
45 The method according to claim 43, wn 

h e t erop 0 .y m ers h aveamo 1 eou,arw C igh t o f abou«492. 

47 . r* method — to Cain, 45, wherein the hontopo.ymers or 
he ,eropolymers have a nto.eeu.ar weigh, of about 984. 

4 , Th e method a— ,0 e,aim 45, wheretn me homopo,vmers or 
10 fceteropo.ymers have a mo,ecu.ar weigh, of about 986. 

49 Th e method aeeordmg to e.arm 45, wherein the homopo.ymers or 
^epo^ersoonrpris 
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dehydrogenated forms 



the structure: 



II or III of salvianolic acid, said salvianolic acid having 



(I) 



OH 




and said 



dehydrogenated forms of salvianolic acid having the structures: 
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OH 



(HI) 



OH 




H A // 



H /C 

H \ /H 

zC" ^~o-c— c 




wherein R l , R 3 , R', R 4 , R ! , and R« are hydrogen or a bond, and the monomeric 
unto of said homopolymers or heteropolymers are bonded to each other by R', 



R=, R ! , R\ R 5 , and R 6 . 
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50. The method according to claim 49, wherein a homodimer is formed. 

51. The method according to claim 50, wherein the monomeric units are 

, j • piDi t?2.r2 R3-R 3 R 4 -R 4 , R 5 -R 5 , or R 6 -R 6 - 

bonded together by a bond which is R -R , R K , K k , k 



52. The method according to claim 50, wherein the monomeric units are 
5 bonded together by a bond which is « ^ 

53. The method according to claim 49, wherein a heterodimer is formed. 

54. The method according to claim 53, wherein the monomeric units are 
bonded together by a bond which is R'-R 5 , R 2 -R 5 , ^ or R<-R 5 - 

55. The method according to claim 43, wherein the monomeric units are 

, 1.- u ■ r»i r?6 t? 2 R 6 R 3 -R 6 R 4 -R 6 , or R 5 -R 6 • 
10 bonded together by a bond which is R -R , R -R , K K , K 

56. The method according to claim 53, wherein a homotrimer is formed. 
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57. The method according to claim 43, wherein a heterotnmer is formed. 



method according to claim 43, wherein a homopolymer of 4 or 



58. The 
more monomelic units is formed 



59. The 

5 more monomeric units is formed 



method according to claim 43, wherein a heteropolymer of 4 or 
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FIG. 2 




FIG. 3 




FIG. 4 
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FIG. 10 



# 



PCT/US00/17394 

WO 01/00199 



11/15 




WO 01/00199 



# 



PCTAJS00/17394 



12/15 




FIG. 12 
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